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Imperial College School of Medicine, South Kensington Campus, London SW7 2AZ, UKAvailable online 3 September 2008The frontiers of surgery as we know them are expanding at an
astounding pace. As medical students, it is essential that we brace
ourselves for what this ﬁeld may have in store for us whenwe take
our places as surgeons. Developments in technology coupled with
the demand for improved patient safety and surgical ﬁnesse are
fuelling a revolution in the ﬁeld of surgery. This has brought about
the introduction of minimally invasive or laparoscopic surgery.
Nowadays for several routine operations this has become the
gold-standard, replacing the open-approach.
However, laparoscopic surgery has several ﬂaws; it employs the
use of long rigid instruments. This results in the exaggeration of
a surgeon’s natural tremor and a reduction in haptic feedback. The
arrangement of the instruments relative to the surgeons’ hands and
eyes does not provide an ergonomically favoured position. The use
of ports on the patient’s torso creates a fulcrum effect, whereby the
surgeon must move the handle of an instrument to the left in order
to manoeuvre the tip of the instrument to the right. The human
hand provides seven degrees of movement whereas a laparoscopic
instrument only provides four, thus limiting manoeuvrability.
Visualisation of the body cavity is made with a two-dimensional
(2D) image rather than a three-dimensional view used during open
surgery. This 2D image is provided by a human-controlled camera
that is susceptible to movement making a surgeon’s work difﬁcult.
These limitations made it clear that new techniques were required
to improve minimally-invasive surgery.1–3
A solution came in the form of robotics. It has been applied to
various ﬁelds, enabling highly speciﬁc, precise and dangerous tasks
to be carried out.2 The ﬁrst robotic system used in surgery was the
puma 560 which performed neurosurgical biopsies in 1985.4 Later
on, a voice-controlled robotic endoscope called AESOP (Automated
Endoscopic System for Optimal Positioning) was introduced to
provide the surgeon with a stable image while operating. This
systemwas used in conjunction with Zeus, a robotic system with 2
instrument arms.2
Another system, similar to Zeus, is the Da Vinci robot. This
consists of a remote console used by the surgeon to control the
robot which is positioned near the patient. There are two instru-
ment arms and one camera arm. The surgeon sees a three-
dimensional (3D) picture obtained using 2 cameras. This picture is
projected just above the surgeons’ hands giving the impression of
physically being at the surgical site. Currently, a new innovation
attempting to overlay preoperative images on the real-time pictureE-mail address: kpp04@imperial.ac.uk
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when the surgeon’s view is obscured.3 The instrument arms
possess 7 degrees of movement providing better manoeuvrability.
Motion scaling which creates smaller movements at the instru-
ment’s tip relative to the hand movements of the surgeon and
tremor elimination improve precision. The fulcrum effect (which
occurs in laparoscopic surgery) is eliminated in robotic surgery.1–3
Another interesting feature of robotics is Telesurgery. This
allows the surgeon and the console to be at a different location to
the patient and the robot. This concept caught the attention of
NASA and the American army. The military could use robotics to
perform surgery on injured soldiers on the front line with the
surgeon at a safer location. This concept can also be used to perform
surgeries in locations without the surgeon having to travel to the
patient.2 Sure enough surgeons from the European Institute of
Telesurgery (IRCAD)/Louis Pasteur University in Strasbourg, France,
have now performed the ﬁrst transatlantic telerobotic laparoscopic
cholecystectomy using the Zeus robot.2 Robotics also allows the
surgeon to sit which is beneﬁcial during long surgeries.
There are however some drawbacks to robotic surgery too.
Firstly, the costs are high.1,3 The Da Vinci Surgical System costs
$1.25 million in 2004 with the annual maintenance costs of
$125,000. The semireusable instruments cost $2000 and can be
used for only 10 procedures. Secondly, robotic surgery was devel-
oped with cardiac surgery in mind. The patient is assumed to be in
a supine position. Therefore it becomes difﬁcult to adopt other
patient positions required for certain non-cardiac surgeries which
may limit its widespread use. Thirdly, tableside access to the
patient is limited as the robot occupies a large amount of space.3
Some reports have raised the problem of a limited number of
arms available. This may make it difﬁcult to perform certain
procedures, such as to control bleeding. Fourthly, there is a lack of
tensile feedback from the arms. This can cause problems of suture
fraying, pressure injuries or tissue penetration. However, this may
change in the near-future as tensile sensors are currently under-
going development.1 Further studies evaluating whether robotic
surgery improves the clinical outcome of patients are needed, as
a few that have been carried out so far have not elucidated such
a beneﬁt.2
As with all new technology, training is of paramount impor-
tance. Several centres have adopted training curriculums for
surgeons as well as other medical personnel within the operatingd. All rights reserved.
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made familiar with the equipment. Surgical experience is gained
using animal models and cadavers.5 Robotic surgical simulators can
be designed to represent surgical scenarios, allowing surgeons to
become proﬁcient at a particular operation before attempting it on
a real patient.3 Training consoles that can simulate haemorrhage,
imitate skin turgor and organ reality are undergoing development
and will better prepare the next generation of surgeons in this era
of robotic surgery.5
Robotics has inﬁltrated most surgical disciplines with cardio-
thoracics and urology taking the initial steps. The future holds
a lot more scope for the development of robotics which will
eventually be translated into new surgical techniques. Over time
we have evolved from open to laparoscopic to robotic and now to
telerobotic surgery. The next couple of years will open up the ﬁeldof robotic surgery and may even shine a light on a new approach
to surgery.
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